Allogeneic peripheral blood stem cell (PBSC) transplants from HLA-identical siblings were performed in 37 patients with advanced hematologic malignancies. Outcomes were compared t o a historical group of 37 similar patients with advanced hematologic malignancies receiving bone marrow (BM) transplants from HLA-identical donors. The PBSC group and historical BM group were well matched for diagnosis, disease stage, age, and graft-versus-host disease (GVHD) prophylaxis. Patients received PBSC transplants between 1993 t o 1995 while BM patients were treated between 1989 t o 1994. Engraftment, measured by the time t o reach a peripheral neutrophil count >500/L and platelet count >20,OOO/pL without transfusions, occurred on days 14 and 1 I in the patients transplanted with PBSC compared t o days 16 and 15 in the patients receiving BM ( P = .00063, .00014). The PBSC group required a median of 8 U of red blood cells and 24 U of platelets compared t o 17 U of red blood cells and 118 U of platelets for BM transplant recipients ( P = UMEROUS STUDIES have shown that peripheral N blood stem cells (PBSC) collected after the administration of recombinant human granulocyte-colony stimulating factor (G-CSF) are capable of supporting rapid and complete hematopoietic reconstitution when used for autologous transp1antati0n.I.~ The relative safety and the low toxicity of G-CSF given to patients for mobilization of autologous PBSC prompted studies of the use of this drug for granulocyte mobilization and collection from normal allogeneic donors and for PBSC mobilization in syngeneic donor^.^.^ Experience to date has suggested that the side effects observed following the administration of G-CSF to normal donors are tolerable, with follow up now extending to 4 years7 These observations led to pilot studies of allogeneic transplantation using PBSC collected after the administration of G-CSF to normal family member Preliminary results suggest that HLA-identical allogeneic PBSC produce prompt and complete hematopoietic engraftment without an increase in the incidence or severity of acute graft-versus-host disease (GVHD). No formal comparisons, however, have been made 0 1996 by The American Society of Hematology. 0006-4971/96/8807-03$3.00/0 .0005, .0001). The estimated risks of developing grades 2 t o 4 acute GVHD were 37% for the PBSC group and 56% for the BM group ( P = .18), while the estimated risks of grades 3 t o 4 acute GVHD were 14% for the PBSC group and 33% for the BM group, P = .05). Chronic GVHD occurred in 7 of 18 evaluable patients receiving PBSC and 6 of 23 evaluable patients receiving BM, P = .5. The estimated risks of transplant-related mortality at 200 days were 27% versus 45% ( P = .33) relapse were 70% versus 53% ( P = .27) and of overall survival were 50% and 41% ( P = .39) for patients transplanted with PBSC or BM, respectively. This retrospective comparison suggests that compared t o marrow transplantation from HLA-identical donors, allogeneic PBSC transplantation from HLA-identical donors is associated with faster engraftment, fewer transfusions, and no greater incidence of acute or chronic GVHD.
Allogeneic peripheral blood stem cell (PBSC) transplants from HLA-identical siblings were performed in 37 patients with advanced hematologic malignancies. Outcomes were compared t o a historical group of 37 similar patients with advanced hematologic malignancies receiving bone marrow (BM) transplants from HLA-identical donors. The PBSC group and historical BM group were well matched for diagnosis, disease stage, age, and graft-versus-host disease (GVHD) prophylaxis. Patients received PBSC transplants between 1993 t o 1995 while BM patients were treated between 1989 t o 1994. Engraftment, measured by the time t o reach a peripheral neutrophil count >500/L and platelet count >20,OOO/pL without transfusions, occurred on days 14 and 1 I in the patients transplanted with PBSC compared t o days 16 and 15 in the patients receiving BM ( P = .00063, .00014).
The PBSC group required a median of 8 U of red blood cells and 24 U of platelets compared t o 17 U of red blood cells and 118 U of platelets for BM transplant recipients ( P = UMEROUS STUDIES have shown that peripheral N blood stem cells (PBSC) collected after the administration of recombinant human granulocyte-colony stimulating factor (G-CSF) are capable of supporting rapid and complete hematopoietic reconstitution when used for autologous transp1antati0n.I.~ The relative safety and the low toxicity of G-CSF given to patients for mobilization of autologous PBSC prompted studies of the use of this drug for granulocyte mobilization and collection from normal allogeneic donors and for PBSC mobilization in syngeneic donor^.^.^ Experience to date has suggested that the side effects observed following the administration of G-CSF to normal donors are tolerable, with follow up now extending to 4 years7 These observations led to pilot studies of allogeneic transplantation using PBSC collected after the administration of G-CSF to normal family member Preliminary results suggest that HLA-identical allogeneic PBSC produce prompt and complete hematopoietic engraftment without an increase in the incidence or severity of acute graft-versus-host disease (GVHD). No formal comparisons, however, have been made of outcomes of patients receiving HLA identical allogeneic PBSC transplants and patients receiving BM transplants. In the present study, we have used a formal, retrospective casecontrol method to compare the outcomes for 37 patients receiving HLA-identical allogeneic PBSC transplants to a historical group of 37 historical patients transplanted with BM.
PATIENTS AND METHODS
Patient accrual and categorization. Between December 1993 and October 1995, 37 patients with advanced hematologic malignancies received a first allogeneic transplant with PBSC from an HLAidentical sibling at the Fred Hutchinson Cancer Research Center (FHCRC). Patients were eligible for transplant with PBSC if they were between age 18 to 55 and had an advanced malignancy for which marrow transplantation was indicated. Seven of the 37 patients in this study have been previously reported.' The 37 patients were among a subset of 42 consecutive patients transplanted with allogeneic PBSC from HLA identical siblings. Five patients were excluded from this analysis because PBSC were used for a second transplant (n = 3) or because of transplant for a nonhematologic malignancy (Wilm's tumor, n = 1) or were transplanted for chronic myeloid leukemia (CML) in chronic phase (n = 1). These patients were excluded to have a more uniform population for analysis. Patient and donor characteristics are shown in Table I .
Patients and donors were asked to participate in a study evaluating transplants with PBSC as an alternative to bone marrow (BM). All patients and donors signed informed consent forms approved by the Institutional Review Board of the FHCRC. This study was conducted under IND exemption #5231 issued by the US Food and Drug Administration.
An historical group of 37 patients who received allogeneic BM from an HLA-identical sibling was identified. Using the FHCRC database each patient who received an allogeneic PBSC transplant was matched with 1 historical patient who received BM. Historical patients were chosen by computer using the patients most recently transplanted with BM from HLA identical sibling donors. As many variables as possible were matched between the control patient and the patient receiving PBSC in the following order of priority: diagnosis, disease phase at transplant, patient age 2 5 years, and GVHD prophylaxis. Only patients receiving their first transplant were included in this analysis. Characteristics of the control group are shown in Tables 1 and 2 . All PBSC donors were given G-CSF (Amgen, Inc, Thousand Oaks, CA) 16 pg/kg/d in 2 subcutaneous injections performed once daily for 5 days, beginning 4 days before PBSC collection and once after the first collection. Apheresis was performed for 1 or 2 consecutive days beginning on day 5 of G-CSF administration. Day 5 of G-CSF administration to the donor was timed to coincide with day 0 of the allograft recipient. Donor venous access was obtained through venipuncture of both arms in 34 patients or through a subclavian or femoral catheter in 3 patients. Apheresis was performed with the use of a continuous flow blood cell separator (Cobe Laboratories, Lakewood, CO) as previously described.' After each collection, apheresis products were infused into recipients immediately. A goal of this study was to collect and infuse a minimum of 15 X lo6 CD34+ cellstkg with 1 or 2 apheresis procedures. In the historical group, BM was obtained from donors by established methods." Day 0 for the recipient was defined as the day of BM or first day of PBSC infusion.
Treatment regimens are shown in Table 2 . Descriptions of chemotherapy regimens, total body irradiation, GVHD prophylaxis and supportive care are included in other publications.' Seven patients who received BM were given posttransplant G-CSF (n = 3) or granulocyte-macrophage CSF (GM-CSF) (n = 4), whereas none of the patients who received PBSC were given a hematopoietic growth factor."
PBSC were analyzed for CD34+ cells and T-cell subsets by flow cytometry as previously de~cribed.'~ Engraftment was documented by increasing neutrophil and platelet counts unsupported by transfusions, by in situ Y chromosome hybridization or conventional cytogenetics with BM or blood samples in sex mismatched donor-recipient pairs and by analysis of variable number tandem repeat (VNTR) polymorphisms in BM or blood samples in sex-matched airs.'^.'^ Neutrophil engraftment was defined as the first of 2 consecutive days with an absolute neutrophil Donors.
Evaluation and dejnirions.
count (ANC) >5OO/pL following the posttransplant nadir. Platelet engraftment was defined as the first of 7 consecutive days with a platelet count >2O,OOO/pL without platelet transfusions. Acute GVHD was graded as previously described.I6 Chronic GVHD was assessed using data derived from the day 80 evaluation or from subsequent follow-up studies."
Patients who died posttransplant after relapse were categorized as dying of relapse irrespective of the proximate cause. Infection was listed as the cause of death when a bacterial, viral, or fungal infection was the approximate cause of death in the absence of relapse. Death due to interstitial pneumonitis caused by cytomegalovirus (CMV) infection was categorized separately. Interstitial pneumonia syndrome (IPS) was defined as diffuse pulmonary infiltrates without identifiable cause. GVHD was listed as the cause of death in patients who died of infection with grade 3 or 4 acute GVHD.I6
Outcome data, including time to engraftment of neutrophils and platelets, transfusion requirements, development of acute and chronic GVHD, relapse and death were analyzed and compared between the 2 groups. The proportions of patients within each subgroup of characteristics and outcomes for patients receiving PBSC or BM were compared by using Fisher's test (two-tailed). Data with a non-normal distribution (eg, numbers of transfusions or length of follow-up) were analyzed with a nonparametric test (Wilcoxon). The probabilities of neutrophil and platelet recovery, mortality within 100 days, acute GVHD, relapse and survival were compared by performed using the method of Kaplan and Meierl' with log-rank analysis (SAS, Inc, Cary, NC).
Statistical evaluations.

RESULTS
Comparability of PBSC and control groups. AS shown in Table 1 , the PBSC and BM groups were well matched for diagnosis, age, and phase of disease and treatment.
The recipients of allogeneic PBSC received a median of 15.1 X lo8 (range 7.1 to 36.3) nucleated cellskg and 12.3 X lo6 (range 3.84 to 21.64) CD34* cellskg. Ten patients received only a single apheresis product whereas the remaining 27 were given apheresis products from 2 consecutive days. The PBSC product contained a median of 407.6 (range 81.3 to 974.7) CD3 cells, 246.4 (range 44.7 to 578.4) CD4 cells, and 126.4 (range 33.0 to 354.6) CD8 cells X IO6/ kg. Those in the historical BM group received a median of 2.07 X lo8 (range 0.22 to 4.18) nucleated celldkg. The median followup for patients receiving PBSC is 285 days (1 10 to 720) and 817 (295 to 2,224) for patients receiving BM (P = .001).
Engrajhent and transfusion requirements. Engraftment No. of patients (% of patients).
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For parameters and transfusion requirements are shown in Table  3 . One patient transplanted with PBSC and one patient transplanted with BM died on days 15 and 29, respectively, before reaching 500 neutrophils/pL. Among those who did reach an ANC of 500, the median day to achieve a such a count was 14 for recipients of PBSC and 16 for recipients of BM. The time to a count of >500 neutrophils/pL, shown in Fig  1, was significantly shorter for patients receiving PBSC ( P = .0063). The median number of days to achieve neutrophil counts of 500/pL for patients in the PBSC group who received prednisone (n = 18) or methotrexate (MTX) (n = 18) were 12 and 15, respectively. The median number of days to achieve neutrophil counts of 500/pL for patients in the BM group receiving prednisone (n = 17) or MTX (n = 19) were 12 and 20, respectively. Five patients (14%) receiving PBSC and 12 patients (32%) receiving BM died without reaching platelet transfusion independence ( P = .097). All other PBSC patients were transfusion independent by day 46. Three recipients of BM survived beyond day 100 but did not achieve platelet independence before death. There were no such patients in the group receiving PBSC. The median time to achieving platelet independence was day 11 for the PBSC group and day 15 for the BM group. The latest day to platelet transfusion independence was 46 for the PBSC group and 190 for the BM group. The incidence of achieving platelet independence, also shown in Fig 1, was significantly shorter for patients receiving PBSC compared to BM (P = .0014). The median day to achieve a platelet count of 20,000/pL for patients in the PBSC group who received prednisone (n = 17) or MTX (n = 15) were 9 and 12, respectively ( P = .05). The median days to achieve a platelet count of 20,00O/pL for patients in the BM group receiving prednisone (n = 13) or MTX (n = 12) were 15 and 19, respectively ( P = .03).
The median number of units of platelets transfused was 24 in the group receiving PBSC compared to 118 for the BM group ( P = .OO01). The median number of units of red blood cells transfused was 8 units in the PBSC group compared to 17 in the BM group ( P = .0005).
Chimerism studies.
Informative chimerism studies were available in 29 recipients of PBSC and 2 1 recipients of BM. In patients transplanted with allogeneic PBSC 100% donor cells were documented in PB or BM by testing VNTR in 12 patients and by testing Y chromosome in situ hybridization (ISH) in 12 patients between 30 to 95 days after transplant. Host cells were detected in 3 patients by VNTR analysis and 2 patients by ISH just before or during documented clinical relapse. In BM recipients, 100% donor chimerism was documented by ISH or cytogenetic analysis in 18 patients between 21 to 98 days after transplant, and host cells associated with relapse were detected by ISH in 3 patients.
As shown in Table 4 . the incidence of grades 2 to 4 acute GVHD was 37% in patients transplanted with PBSC compared to 56% in patients who were transplanted with BM ( P = .I8 ). Grades 3 to 4 acute GVHD occurred in 14% and 33% of patients receiving PBSC or BM, respectively ( P = .IO). The actuarial probabilities Acute und chronic GVHD. of developing grades 2 to 4 acute GVHD were 41% for patients transplanted with PBSC and 58% for patients transplanted with BM ( P = .l) (data not shown). The actuarial probabilities of developing grades 3 to 4 acute GVHD were 15% in the group receiving PBSC versus 34% in the group receiving BM ( P = .05) (Fig 2) .
Probability of 500 Granulocytes
In the PBSC group, grade 3 to 4 acute GVHD occurred in 3 out of 17 evaluable patients receiving prednisone and in 2 out of 18 evaluable patients receiving MTX. In the BM group, grade 3 to 4 acute GVHD occurred in 6 out of 17 evaluable patients receiving prednisone and in 6 out of 20 evaluable patients receiving MTX.
Clinical or subclinical chronic GVHD of all grades developed in 10 out of 17 (59%) evaluable PBSC recipients and in 14 out of 23 (61%) BM recipients (Table 4) . Clinical extensive or limited chronic GVHD developed in 7 out of 17 (41%) evaluable patients who were transplanted with PBSC compared to 6 out of 23 (26%) patients transplanted with BM ( P = S). Among the patients receiving PBSC and prophylaxis that included MTX, clinical chronic GVHD developed in 1 out of 7 evaluable patients compared to 6 out of 10 in patients receiving prednisone. In the BM group receiving MTX clinical chronic GVHD developed in 2 out of 12 patients compared to 4 out of 11 given prednisone for GVHD prophy Iaxis.
Causes of death. As shown in Table 5 plications as compared to 15 out of 37 (41%) patients who received BM ( P = .13). There were 8 deaths from bacterial or fungal infection in the BM group and 2 in the PBSC group. Fatal fungal infections in the patients receiving BM were caused by aspergillus (n = 2) or candida albicans (n = 2). There were no deaths caused by hemorrhage in the PBSC group and one in the BM group. There were 2 deaths caused by IPS in patients receiving PBSC as compared to none in patients who received BM. One patient died of CMV pneumonitis in the BM group. Seven patients have died of relapse or progressive disease in the group receiving PBSC compared to 11 patients in the BM group.
The estimates of transplant-related mortality within 200 days of transplant were 27% for recipients of PBSC and 45% for recipients of BM (P = .33) (Fig 3) .
Among patients transplanted with PBSC, 14/ 37 (38%) patients relapsed and 7 of them have died. In patients transplanted with BM, 13 out of 37 (35%) have relapsed and 11 of them have died. The estimates of relapse at 570 days after transplant for patients receiving PBSC or BM are 70% and 53%, respectively (P = .27).
Twenty-two of 37 (59%) patients who received PBSC are surviving between 110 and 720 days after transplant, 7 of whom have relapsed. In the BM group 11 patients Nonrelapse mortality.
Relapse.
Survival.
Probability of AGVHD Grades [3] [4] For respectively (P = .39).
DISCUSSION
This retrospective study compared the results of allogeneic transplantation with G-CSF mobilized PBSC or BM from HLA-matched siblings. The first important observation was that the use of allogeneic PBSC resulted in significantly faster recovery of PB counts than with BM, despite the use of methotrexate in 50% of patients. Both neutrophils and platelets recovered a median of 4 days earlier. In addition, the PBSC group required significantly fewer platelet and red blood cell transfusions. Chimerism studies by in situ Y chromosome or cytogenetic analysis or VNTR showed only donor cells in both the BM and PBSC recipients except in cases of relapse. Although a higher proportion of patients who received BM died of transplant-related complications, the actuarial probabilities of transplant-related mortality within the first 200 days after transplant were not statistically different.
The actuarial probabilities of developing acute GVHD grades 2 to 4 were similar between the 2 groups, but the probability of developing grade 3 to 4 acute GVHD was statistically less in the PBSC group. This may have been influenced by the higher proportion of multiparous female donors in the group. Although follow-up is more limited in the group receiving PBSC there does not appear to be a higher incidence of chronic GVHD. Finally, no significant differences were found in the probabilities of relapse or overall survival.
In this analysis an attempt was made to define outcome differences between recipients of allogeneic PBSC and BM by comparing recent transplants using PBSC to a historical control group who received BM transplants. Although there are inherent problems and limitations to this methodology, the differences in rate of engraftment and lack of an increase in acute GVHD seem convincing and consistent with previously published pilot studies.'.'' Patients who received BM died more frequently of bacte- rial or fungal infections than recipients of PBSC. Patients in the PBSC group had their transplants more recently than most of those in the BM group. During the past 6 years supportive care has improved with the use of ganciclovir for CMV prophylaxis and fluconazole for fungal prophylaxis.
None of the patients in the PBSC group died of CMV and only I in the BM group died of CMV pneumonitis. Only 2 patients in the PBSC group died of bacterial or fungal infections compared to 8 in the BM group. Although this difference could be attributed to earlier neutrophil recovery in the case of bacterial infections, it is possible that the prophylactic use of fluconazole contributed to the low incidence of death caused by fungal infections in the PBSC group." Based on our current results and on data from other pilot studies, it can be concluded with some assurance that the risk of acute GVHD is not increased after PBSC transplantation, despite the infusion of 1 to 2 logs more of T cells as compared to BM.9,'0 There are at least 2 possible explanations for this observation. First, it is possible that the number of T cells in a marrow graft is sufficient to produce the maximum possible severity of GVHD for the degree of genetic disparity between donor and recipient and that further increases in T cell dose have no additive effect. Most of the support for this hypothesis comes from clinical studies of T-depleted allogeneic BM. In those studies, a threshold dose of approximately 10' residual CD3 cellskg was identified, below which acute GVHD was significantly reduced.20,2' The second, and more likely explanation, is that the T cells in G-CSF-mobilized PBSC are functionally different than those in BM. G-CSF could alter the function of the lymphocytes infused or could alter cytokine production by infused accessory cells. Support for this hypothesis comes from studies in mice, where G-CSF pretreatment was found to polarize CD4 cells toward a T helper type-2 (Th2) response with a decrease in interleukin-2 and interferon production and a corresponding reduction in acute GVHD and improved survival." In addition, in vitro studies have identified increased suppressor cell activity in GM-CSF-mobilized PBSC from patients undergoing autologous transplants and an increase in CD4-, CDS-, TCR, and alp+ cells posttransplant.23
For personal use only. on November 16, 2017. by guest www.bloodjournal.org From Early attempts have been made to remove T cells from G-CSF-mobilized PBSC by CD34 selection. Preliminary data suggest that the incidence of grade 3 to 4 acute GVHD is not reduced following the transplantation of CD34+ selected G-CSF mobilized PBSC despite the removal of 3 to 4 logs of T cells and the infusion of approximately 1.0 X lo6 CD3 ~e l l s / k g .~~~*~ Because the dose of CD3 cells infused in these studies exceeded 105/kg, it is not yet clear whether GVHD was caused by the infusion of lo6 T cells or by the loss of T cells that were altered by G-CSF exposure.
Although follow-up is more limited in the PBSC group than in the BM group, we found no evidence that the use of PBSC was associated with an increased risk of chronic GVHD compared to results with BM. Further follow-up and the results of ongoing randomized trials will be of interest in this regard. Previous studies from this institution have shown an increased incidence of chronic GVHD when unstimulated buffy coat cells were given in addition to BM. 26 One hypothesis that G-CSF-mobilized cells are functionally different from T cells aspirated from BM would be supported if results from future randomized studies confirm that G-CSF-mobilized PBSC do not increase the risk of chronic GVHD.
Follow-up of the PBSC group is too limited to permit definite conclusions about relapse. However, the actuarial probability of relapse in the PBSC group, even with limited follow-up, is 70% at 570 days. Because a 10-fold increase in the number of T cells given with PBSC did not result in a measurable increase in acute or chronic GVHD as compared to BM, it is possible that unmodified PBSC will not have an improved antileukemic effect compared to marrow. The current ongoing randomized multicenter trials of BM versus PBSC, which include good risk patients, should help clarify this issue.
This analysis did not suggest a survival or event-free survival advantage for PBSC as compared to BM. However, there were significant differences in speed of engraftment and morbidity. In general, there is excellent donor tolerance for donating PBSC as compared to BM. In addition, the ability to collect large quantities of PBSC offers greater leeway in manipulating the stem cell product than is possible with BM.
